Matrix metalloproteinases (MMPs) are of central importance in the proteolytic remodeling of matrix and the generation of biologically active molecules. MMPs are distinguished by a conserved catalytic domain containing a zinc ion, as well as a prodomain that regulates enzyme activation by modulation of a cysteine residue within that domain. Because nitric oxide (NO) and derived reactive nitrogen species target zinc ions and cysteine thiols, we assessed the ability of NO to regulate MMPs. A dose-dependent, biphasic regulatory effect of NO on the activity of MMPs (MMP-9, -1, and -13) secreted from murine macrophages was observed. Low exogenous NO perturbed MMP/tissue inhibitor of metalloproteinase (TIMP)-1 levels by enhancing MMP activity and suppressing the endogenous inhibitor TIMP-1. This was cGMP-dependent, as confirmed by the cGMP analog 8-bromo-cGMP, as well as by the NO-soluble guanylyl cyclase-cGMP signaling inhibitor thrombospondin-1. Exposure of purified latent MMP-9 to exogenous NO demonstrated a concentration-dependent activation and inactivation of the enzyme, which occurred at higher NO flux. These chemical reactions occurred at concentrations similar to that of activated macrophages. Importantly, these results suggest that NO regulation of MMP-9 secreted from macrophages may occur chemically by reactive nitrogen species-mediated protein modification, biologically through soluble guanylyl-cyclase-dependent modulation of the MMP-9/TIMP-1 balance, or proteolytically through regulation of MMP-1 and -13, which can cleave the prodomain of MMP-9. Furthermore, when applied in a wound model, conditioned media exhibiting peak MMP activity increased vascular cell migration that was MMP-9-dependent, suggesting that MMP-9 is a key physiologic mediator of the effects of NO in this model. tissue inhibitor of metalloproteinase-1 ͉ thrombospondin-1
tissue inhibitor of metalloproteinase-1 ͉ thrombospondin-1 I ntracellular NO synthase (NOS) enzymes oxidize L-arginine to generate L-citrulline and the free radical NO. Although NO itself is relatively unreactive, the chemistry of NO is based on the stabilization of its unpaired electron that can occur in two ways. Low nanomolar concentrations of NO react directly with metal complexes or higher-energy radicals (1) . These direct effects of NO mediate numerous physiologic and biochemical processes through NO regulation of iron-binding proteins, particularly soluble guanylyl cyclase (sGC) (1) . NO binds the Fe-heme site to activate sGC, resulting in the generation of cGMP, which is known to regulate the expression of many genes, as well as diverse processes such as inflammation, vascular smooth muscle relaxation, angiogenesis, and cancer (1, 2) . Alternatively, the indirect effects occur at higher micromolar concentrations of NO, where its reaction with molecular oxygen (O 2 ) or superoxide generates reactive nitrogen species (RNS) (3). These highly labile RNS are capable of modifying bioorganic molecules and are generally thought to mediate cellular stress (3) . Therefore, when combining direct and indirect effects, NO is capable of regulating numerous physiologic and disease processes through multiple mechanistic pathways.
Matrix reorganization is a complex process involving the degradation of components of extracellular matrix via matrix metalloproteinases (MMPs) (4) . Matrix remodeling occurs during both normal physiological and pathological processes, including angiogenesis, wound healing, inflammation, and cancer (4) (5) (6) (7) (8) (9) . Toward this end, some MMPs have been associated with cancer progression (10, 11) . MMPs share common functional domains, as well as similar structural requirements for activation and catalytic activity (4) . MMPs are distinguished by a highly conserved catalytic domain containing a zinc ion bound by three conserved histidines and a cysteine (12) (13) (14) . In addition, the prodomain maintains the enzyme in its inactive or latent form by its association with a cysteine residue coordinated to the active site zinc in a manner that blocks substrate recognition and binding (15, 16) . Activation of MMPs requires either the removal or disruption of this cysteine-zinc bond, which results in the opening of the active site cleft for substrate cleavage, a process commonly referred to as the cysteine switch (15, 16) . NO and RNS target zinc ions (17) , as well as cysteine residues (18) , which are critical to MMP activation, suggesting that NO/RNS may, in part, mediate their physiologic effects through targeting MMP regulation during matrix reorganization (19) (20) (21) (22) (23) (24) .
To examine the role of MMPs as molecular targets of NO, murine macrophages (25) were used because they express high levels of both inducible NO synthase (iNOS) and MMP-9. Effects of NO on MMP activation were examined in cells treated with the NO donor spermine NONOate (Sper/NO) in the presence and absence of NOS or sGC inhibitors. Our results demonstrate biphasic NO modulation of MMP-9 activity by activation/inactivation of MMP-9 in concert with downregulation of the endogenous MMP-9 inhibitor, tissue inhibitor of metalloproteinase-1 (TIMP-1). NO exposure also resulted in similar biphasic activation of MMP-1 and MMP-13, which are both known to proteolytically activate latent MMP-9. Importantly, when applied to a tissue explant model that provides an index of wound-driven angiogenesis via the induction of vascular cell migration through a collagen matrix, the conditioned media of NO-treated macrophages with optimal MMP-9 activity mediated a 2-fold increase in vascular cell migration that was inhibited by a translational blocking antisense oligo specific for MMP-9.
Results
NO, MMP-9, and macrophages are known modulators of wound healing and pathological angiogenesis (26) . Moreover, macrophages generate high levels of NO and secrete large amounts of MMP-9 (26) . Herein, the role of macrophage-secreted MMP-9, as a targeted mediator of the effects of NO-induced vascular cell migration, was examined in a tissue explant model simulating wound-driven angiogenesis (27, 28) . Stimulation of vascular cell migration by low NONOate concentrations (10 M) has been demonstrated by using this explant model (28) . Compared with untreated controls, explants incubated with conditioned media from 10 M Sper/NO-treated macrophages demonstrate a Ͼ2-fold enhanced vascular cell migration ( Fig. 1 A and B) . Although the modest migration response associated with deactivated Sper/NO is not clear, reduction of nitrite to NO and/or nitrite signaling cannot be ruled out. NO-induced migration was suppressed ( Fig. 1C) by selectively blocking MMP-9 translation in the ANA1 cells before treatment with Sper/NO, whereas a four-base mismatched antisense oligo had no effect on MMP-9 activity (Fig. 1D) . These results suggest that MMP-9 secreted from macrophages is a key mediator of the wound-driven angiogenic response of NO in this ex vivo model and support a role of MMP-9 in promoting epithelial cell migration in another wound model (23) .
MMPs are primarily regulated at the levels of transcription and posttranslation (29) . Low NO activates sGC to generate cGMP, which regulates the expression of many genes, including MMPs and their endogenous TIMP inhibitors (2) . The ability of NO to regulate MMP activity secreted from ANA-1 cells exposed to Sper/NO (1-1,000 M) for 4 h was examined. These donor concentrations yielded steady-state NO levels shown in Fig. 2A . When compared with conditioned media of untreated control cells, exogenous NO mediated a biphasic increase in total MMP activity that peaked at 10 M Sper/NO (Ϸ50 nM steadystate NO) but declined with increasing donor concentration (Fig.  2B ). Cells treated with 10 M 8-bromo-cGMP demonstrated Ϸ2-fold increase in MMP activity when compared with conditioned media from untreated control cells, suggesting sGCdependent MMP regulation by NO. This biphasic regulation of MMP by NO is similar to that shown in airway epithelial cells treated with the NO donor DETA/NO (23) . The effects of NO on MMP-9, as analyzed by gelatin zymography, are shown in Fig.  2C . The consistent signal intensities observed in the conditioned media of control and 1 and 10 M Sper/NO-treated cells suggest posttranslational regulation with no change in protein accumulation. Moreover, the reduced signal intensity shown in 1,000 M Sper/NO media is supportive of a posttranslational modification causing zymogen inactivation. Real-time PCR was also performed but showed no significant effect of Sper/NO on the levels of MMP-9 mRNA (data not shown). Also, in the absence of exogenous NO, NOS inhibition by N G -nitro-L-arginine methyl ester suppressed constitutive MMP activity (Fig. 2D) . Together, these results suggest that basal NO/cGMP regulates constitutive MMP activity secreted from ANA-1 macrophages, which is elevated in a cGMP-dependent manner as steady-state NO approaches 50 nM. Further increases in steady-state NO suppress MMP activity that is sGC-independent.
TIMP-1 inhibits MMP-9 activity with high efficiency by stoichiometrically binding its catalytic site (29) . To examine an involvement of TIMP-1 in NO/sGC regulation of MMP activity, TIMP-1 was immunoprecipitated from the conditioned media of Sper/NO-treated cells and examined by Western blotting. Compared with control, TIMP-1 protein levels were similarly suppressed by low-dose Sper/NO and 8-bromo-cGMP (Fig. 3 A, B , D, and E). In contrast, the inhibitor of NO and sGC signaling, thrombospondin-1 (TSP-1) (28, 30) , abolished NO-induced TIMP-1 suppression (Fig. 3 C and F) , as well as NO-increased MMP activity [supporting information (SI) Fig. 6 ]. When plotted together, Fig. 3G demonstrates inverse modulation of MMP activity and TIMP-1 levels by NO, suggesting that at low concentrations, NO/cGMP regulates MMP activity by suppressing TIMP-1 protein secreted from ANA-1 macrophages.
Earlier reports have demonstrated the direct activation of MMPs by oxidants and RNS (19-22, 24, 31) . We examined RNS-mediated activation of purified MMP-9 zymogen. Pro-MMP-9 protein (20 ng) was treated with Sper/NO as described in Materials and Methods section. Because the rate of NO release by the donor is dictated by vessel size, head space, temperature, and agitation, the steady-state NO levels specific to these conditions were measured. Steady-state NO levels are provided on the x axis of Fig. 4 , which demonstrates biphasic activation and inactivation of MMP-9 protein by transient RNS generated by NO. This regulatory trend is similar to the results shown with conditioned media of Sper/NO-treated cells (Fig. 2B ). However, because of the differences in specific conditions stated above regarding cell culture versus purified protein experiments, the steady-state nanomolar concentration of NO required for peak activation of the purified enzyme was Ϸ10ϫ that of the conditioned media from cells in culture, whereas inactivation occurred at Ϸ2-to 3-fold higher NO levels (Fig. 2 A) . Importantly, whereas the cell culture experiments shown in Figs. 2 and 3 suggest a cGMP-dependent involvement of TIMP-1 suppression in the biological regulation of MMPs by low steady-state NO, the results in Fig. 4 suggest a distinct mechanism involving NO flux-dependent chemical activation of pro-MMP-9 ( Fig. 4) and inactivation of the mature enzyme by RNS generated at higher levels of NO (Figs. 2 B and C and 4) . A physiologically relevant environment consistent with wound response involves cytokine stimulation of macrophages. Under these conditions, iNOS and MMP expression is enhanced and has detrimental, as well as beneficial effects, depending on the activation state of the macrophage (26) . MMP regulation by NO after cytokine stimulation (INF-␥/LPS) of macrophages was examined; these stimulatory conditions resulted in Ϸ150 nM steady-state levels of endogenously produced NO (32) . Cytokine-stimulated cells (described in Materials and Methods) were incubated for 4 h with 1 mM L-arginine to facilitate NO production, 5 mM aminoguanidine (Ag) to inhibit iNOS generated NO, or Ag plus Sper/NO. Compared with untreated cells, conditioned media from INF-␥/LPS and L-arginine cells (Fig. 5 A, lane 4, and B) showed nearly 2-fold increased MMP-9 activity. In contrast, iNOS inhibition yielded nearly 3-fold increased MMP-9 activity when compared with conditioned media of untreated cells (Fig. 5 A, lanes 3-5, and B) . Moreover, the addition of Sper/NO to iNOS-inhibited cells (Fig. 5 A, lanes 6-9, and B) yielded MMP-9 biphasic regulation, consistent with results shown in Fig. 2 . Because the level of NO production depends on the activation state of the macrophage (26), these results suggest that within the microenvironment of an activated macrophage, NO/RNS is capable of biphasic regulation of MMP-9.
Compared with MMP-9, differential regulation of MMP-1 and MMP-13 activities was observed in cytokine-stimulated cells. Endogenous NO production dramatically increased both MMP-1 and MMP-13 activity, which was suppressed by iNOS inhibition (SI Fig. 7 A and B) . Sper/NO treatment of iNOSinhibited cells demonstrated an NO biphasic pattern of activation/inactivation for both MMP-1 and MMP-13 (SI Fig. 7 A and  B) . Similarly, Sper/NO treatment of resting macrophages demonstrated biphasic regulation of MMP-9, -13, and -1 (SI Fig. 7 C-E). Whereas 10 or 1,000 M 8-bromo-cGMP yielded similar increases in active MMP-9 and MMP-13, 1,000 M Sper/NO suppressed the activity of these MMPs, suggesting that NO/RNS at this donor concentration inactivates the mature zymogen. The differential regulation of these zymogens may be explained in part by structural differences. For example, the MMP-9 promoter responds to cytokines including TNF-␣, IL1-␤, and LPS and contains binding sites for several growth factors/hormones, as well as activator protein-1 and NF-B, and resembles the promoter of MMP-1. Moreover, although a role of the hemopexin domain is less clear, it confers substrate specificity of collagenases (i.e., MMP-1, MMP-13). In contrast, the hemopexin domain of MMP-9 is important for TIMP binding (29) . Because MMP-9 can be proteolytically cleaved and activated by MMP-1 and MMP-13 (29), these results suggest multiple mechanisms for NO regulation of MMPs that may be important during the transition of an inflammatory site to resolution of inflammation and wound healing (26) . Discussion MMP-9 plays several critical roles in wound repair and angiogenesis. MMP-9, secreted predominantly from macrophages, localizes to capillary branch points during neoangiogenesis in ischemic muscle tissue (33) . Macrophages are also a major source of NO in the innate immune system (26) . The activation state of macrophages directs their NO flux as well as the transition from mediating cell killing and matrix degradation to stimulating the cell proliferation and matrix generation necessary for resolution of inflammation and wound healing (26) . Clearly, the roles of macrophages in controlling NO flux and MMP regulation during wound response are complex. Although our observations are limited to a cell culture model, the multiple pathways that we demonstrate for NO regulation of MMPs secreted by macrophages may account for how macrophages differentially respond to the high NO microenvironment at the inflammatory site versus the low NO levels present during resolution of inflammation and the initiation of wound healing (26) .
We identified an NO/sGC-dependent perturbation of MMP-9/TIMP-1 balance that may be pertinent to the initiation of wound healing. TIMPs are generally known as inhibitors of MMP activities in vitro because under these conditions, proteolysis requires only a protease and a substrate (34) . However, other factors may be important in vivo, including compartmentalization and/or anchoring of MMPs via accessory proteins, which provide an important regulatory mechanism for MMP regulation (34) . Indeed, TIMP involvement in pro-MMP activation has been demonstrated in vivo (35, 36) . Therefore, the identification of NO-mediated perturbation of MMP-9/TIMP-1 balance may be of significance in our explant model and during the resolution of inflammation and initiation of wound healing, when the endogenous generation of NO is suppressed (26) .
Furthermore, we show that NO flux and the resultant RNS biphasically activate and inactivate purified pro-MMP-9 (Fig. 4) . Under these in vitro conditions, MMP-9 activation required roughly 500 nM steady-state NO (Fig. 4) and was distinct from the perturbation of MMP/TIMP-1 balance, which occurred at 10-fold lower steady-state levels of NO (Figs. 2B and 3) . In contrast, steady-state NO exceeding levels of 1 M led to inactivation of the enzyme (Fig. 4) . Although the physiologic relevance of higher NO concentrations remains a subject of debate, various studies have shown that both inflammatory and noninflammatory cell types provide factors that resolve inflammation and facilitate wound healing (26) . In macrophages, several levels of NO can be achieved depending on the activation state and specific signaling pathways (26, 37) . Comparison of the concentrations of NO-releasing agents with steady-state NO produced by activated macrophages in MCF-7/macrophage coculture experiments have shown that the NO flux generated from activated macrophages depends on macrophage density. A steady-state NO environment resembling that generated by low micromolar levels of NO donors can be achieved that modulates signaling in MCF-7 cells (37). The NO flux associated with chemical activation/inactivation of purified MMP-9 by RNS (Fig.  4 ) may be representative of the NO microenvironment within close proximity of activated macrophages. Indeed, Johnson et al. have recently demonstrated that MMP-9 is a key mediator of neoangiogenesis in ischemic muscle and that the predominant source of MMP-9-expressing cells at capillary branch points was macrophages (33) . Another continuing debate within the NO field pertains to NO-related toxicities, particularly at higher concentrations of NO that are consistent with an inflammatory microenvironment. Interestingly, this debate exists in the MMP literature as well, because MMP regulation and the proteolytic effects of mature enzymes are cell and tissue specific, dependent on the microenvironment, and the physiologic effects of active MMPs can be beneficial, as well as detrimental (4) . Of relevance to inflammatory pathologies, low levels of macrophage-derived oxidants activate MMPs (31, 38) , whereas higher oxidant levels cause MMP inactivation (31, (38) (39) (40) by cross-linking of critical amino acid residues within or near the catalytic domain that structurally blocks active site/substrate binding (39, 40) . Later studies have shown that MMP inactivation by oxidants actually protects against extensive macrophage-mediated damage associated with the development of emphysema in a mouse model (41) . Although the current study does not identify specific protein modifications associated with RNS-mediated activation/ inactivation of MMP-9, the trend is the same as that shown with oxidants (31, 38) . It is plausible that although NO/RNSmediated MMP activation may be important in promoting wound response, RNS-mediated inactivation of MMPs may also protect under conditions of high NO flux and nitrosative stress. Indeed, the combination of H 2 O 2 /MPO/NO 2 Ϫ significantly reduced the activity levels of MMP-12 (41), suggesting a role of RNS in MMP inhibition.
In conclusion, the current report demonstrates that NO/RNS can regulate MMP-9 in a biphasic and flux-dependent manner. This process occurs, at least in part, at the protein level and may involve (i) inverse modulation of MMP-9 activity and TIMP-1 protein levels, (ii) NO/RNS-mediated protein modification, and/or (iii) proteolytic cleavage and activation of pro-MMP-9 by MMP-1 or -13. Although this study suggests that NO/RNS targets MMP-9 activation during wound/angiogenic responses, it also demonstrates a role for NO/RNS in MMP inactivation by high concentrations of NO, which may be protective during severe inflammatory conditions. Biphasic MMP regulation by oxidants and RNS may be important during the transition of macrophages from classically to alternatively activated states because it occurs in inflammation and wound resolution (26) . Furthermore, because matrix remodeling is a critical component of inflammation, we believe that this work will extend our current mechanistic understanding of inflammatory pathologies and perhaps aid in our ability to design and evaluate the potential of therapeutic agents aimed at these targeted diseases.
Materials and Methods
Cell Culture and Cytokine Stimulation. The ANA-1 macrophage cell line used in this study was established by immortalization of bone marrow macrophages from C57BL/6 mice with J2 recombinant retrovirus-expressing v-myc/v-raf oncogenes (25) . Cells were routinely cultured in DMEM supplemented with 10% FBS and penicillin-streptomycin. For this study, cells were plated at a density of Ϸ10 6 per 100-mm tissue culture dish and grown overnight. For iNOS production of NO, cells were primed overnight with IFN-␥. The next day, the cells were stimulated with LPS for 4 h. After LPS stimulation, the medium was replaced with serum-free, phenol-red-free medium containing 1 mM L-arginine to promote NO production, 5 mM Ag to inhibit NO generation by iNOS, or Ag plus increasing concentrations of exogenous NONOate for 4 h. Under these conditions, NO production (Ϸ150 nM) plateaus at 4 h (32). To accommodate this 4-h time period, Sper/NO was chosen because of its short half-life. Quiescent macrophages were also treated with Sper/NO to examine the effects of exogenous NO on MMP regulation in the absence of cytokine stimulation. The cells were plated and grown as described above and then washed with PBS and treated with increasing concentrations of Sper/NO in serumfree, phenol-red-free RPMI medium 1640 for 4 h. The medium was concentrated by centrifugation with Centricon filters (M r 30,000 cutoff; Millipore, Billerica, MA). All concentrated medium samples were volume adjusted to equal volume by using the flow-through medium from the respective concentrated sample. Cells were scrape harvested and counted.
Steady-State NO Quantification. Measurement of steady-state NO levels was accomplished by using a NO gas analyzer (Seivers, Boulder, CO). Measurements were representative of steadystate NO at 37°C in a 100-mm cell culture dish containing 10 ml of serum-free medium or a 1.8-ml sealed Eppendorf tube containing 200 l of TCN buffer (50 mM Tris/10 mM CaCl 2 /150 mM NaCl; pH 7.5). Aliquots of medium or buffer (100-200 l) were injected into a reaction chamber containing 10 mM NaOH to prevent decomposition of unreacted donor. The NO analyzer was continually purged with helium gas to prevent autoxidation of NO. Steady-state nanomolar concentrations of NO were calculated from the peak area(s) of absolute NO detected and compared with a nitrite (NO 2 Ϫ ) standard curve.
Gel Zymography and Fluorogenic Peptide Evaluation of MMP Activity.
The effect of NO treatment on MMP-9 was qualitatively examined by gel zymography (42) . Conditioned medium samples normalized according to cell number or protein content were prepared in 2ϫ loading buffer without ␤-mercaptoethanol and electrophoresed on 10% gelatin zymogram gels. The gels were washed and incubated in renaturing and developing buffers according to the recommendation of the manufacturer and then stained. All reagents were purchased from Invitrogen (Carlsbad, CA). Quantitative evaluation of total MMP proteolytic activity was measured by using the internally quenched synthetic MCa peptide [7-methoxycoumarin-4-acetyl-Pro-Leu-Gly-Leu-␤-(2,4-dinitrophenylamino)Ala-Ala-Arg-NH 2 ] (Sigma-Aldrich, St. Louis, MO), which fluoresces at 328 nm (excitation) and 392 nm (emission) upon cleavage of the quenching moiety. Conditioned media were normalized according to cell number or protein content and then mixed 1:4 with TCNB buffer [50 mM Tris⅐HCl (pH 7.5)/0.2 M NaCl/10 mM CaCl 2 /0.05% Brij35]. MCa peptide was added to a final concentration of 2 M, and the solutions were incubated for 20 min at 37°C. Fluorescence was measured at 328 nm (excitation) and 392 nm (emission) on a Luminescence LS50B Spectrometer equipped with FL WinLab software (Perkin-Elmer, Wellesley, MA).
An additional method was used for the quantitation of individual MMP activities (43) . Briefly, internally quenched fluorescent substrates with various MMP selectivity profiles were identified that were preferentially cleaved by single MMPs. These substrates were combined and cleaved with individual recombinant MMPs in separate reactions. The combined substrates were also incubated with samples containing unknown amounts of MMP activities and were incubated under the same conditions. Fluorescence from each sample reaction was measured every 30 minutes for 4h in duplicate (n ϭ 18) to generate time vs. fluorescence curves as a measure of proteolytic cleavage of substrate peptides; all sample linear regression correlation coefficients (r) were within 0.88-1.00 at P Յ 0.0002. By using the multiple enzyme multiple reagent assay equations to solve for multiple unknowns, the relative activity of individual MMPs was calculated (43) .
NO Treatment of Purified Latent MMP-9 Zymogen. Purified pro-MMP-9 zymogen was resuspended in TCNB buffer [50 mM Tris/10 mM CaCl 2 /150 mM NaCl/0.05% Brij; pH 7.5] at a concentration of 100 ng/ml. Twenty nanograms of protein were allocated in 200-l volumes into 1.8-ml Eppendorf tubes, and then 2 l of Sper/NO was added to yield mole:mole ratios (donor:enzyme) ranging from 100:1 to 10 6 :1 (31) . The tubes were capped, and the samples were incubated at 37°C for 1 h while shaking.
Suppression of MMP-9 Translation. Silencing of MMP-9 protein translation was accomplished by using an antisense 22-mer oligo (Gene Tools, Philomath, OR) designed specifically to block the AUG translational start site of mouse MMP-9 (GenBank accession no. NM013599: sequence, 5Ј-GCTGCCAGGGACT-CATGGTGAG). This oligo complements the sequence from Ϫ6 to ϩ 16 relative to the initiation codon. Briefly, cells (Ϸ50% confluence) were incubated with 10 M MMP-9 antisense or a mismatched antisense control oligo and 6 l of Endoporter peptide (Gene Tools) per milliliter of growth medium for 72 h. Suppression of secreted MMP-9 protein levels were then verified by using gel zymography.
Muscle Explant Assay. Pectoralis major muscle biopsies were harvested from 8-to 10-week-old C57BL6 mice. The fascia was excised, and the muscle was cut into 1.5-mm fragments and explanted in 24-well culture plates (Nunc, Rochester, NY) on polymerized type I collagen as described (27, 28) . Explants were incubated in EGM media containing FBS, as well as conditioned media from ANA-1 macrophages (1:1), for 7 days. Migration of vascular cells through the extracellular matrix was quantified as described (28) . The results are presented as means Ϯ SD (n Ն 3).
Statistical Analysis. The results are reported as means Ϯ SD. Statistical comparisons were made by using one-way ANOVA and Bonferroni multiple comparison posttest.
